Abstract. The aim of the present study was to examine whether cumulus and fibroblast cell nucleartransferred oocytes, which have high and low potential to develop into normal calves, respectively, are different in terms of in their patterns of timing of first cleavage and in their relationships between timing of first cleavage and in vitro developmental potential. The timing of first cleavage was similar in both types of nuclear-transferred and in vitro fertilized oocytes. More than 86% of the oocytes cleaved within 24 h after activation or in vitro fertilization; these oocytes contributed to more than 98% of the total number of blastocysts in all three groups. The potential of oocytes that cleaved at different intervals to develop into blastocysts differed among the groups. The developmental potential of the cumulus cell nuclear-transferred oocytes and in vitro fertilized oocytes decreased with the increase in time required for cleavage. Fibroblast cell nuclear-transferred oocytes that cleaved at 20 h, an intermediate cleaving time, had higher potential to develop into blastocysts. The results of the present study suggest that the type of donor nucleus used for nuclear transfer affects the timing of first cleavage.
here is a very high incidence of developmental defects, abortions, and offspring mortality in cloned animals, both prenatally and perinatally, that raises concerns about the safety of nuclear transfer (NT) methods for reproductive and therapeutic purposes in animals and humans, respectively. Since the first successful production of a lamb by NT of adult somatic cells [1] , there have been no significant improvements in producing healthy cloned animals, despite vigorous efforts. Therefore, the development of criteria for selection of viable cloned embryos with the potential to develop into normal healthy young before embryo transfer would be invaluable for improving the potential of reproductive cloning in the animal husbandry industry.
The kinetics of embryonic development influence the development of zygotes into blastocysts or/and offspring in a wide variety of species, such as the mouse [2, 3] , bovine [4] , hamster [5] , rhesus monkey [6] , and human [7] . The timing of the first cleavage after insemination has crucial and longlasting effects on the development of bovine oocytes [8, 9] . Early-cleaving embryos are more competent to become blastocysts [9, 10] , and the resulting blastocysts have a higher cryosurvival potential [11] and higher pregnancy rates [10] than those cleaving later. Furthermore, the timing of first cleavage might be useful as an additional criterion for selecting embryos for transfer in human-assisted reproduction [12] , as women who produce early-cleaving embryos have higher pregnancy and implantation rates than those who do not [13] . Recently, we demonstrated that the developmental potential of in vitro-fertilized (IVF) mouse oocytes gradually declines with the increase in time required for cleavage, but that the potential of intermediate-cleaved nuclear-transferred oocytes receiving embryonic stem cell s is significantly higher than that of fast-and slowcleaving oocytes [14] . It is not known, however, whether a similar phenomenon exists in somatic cell-cloned bovine oocytes. Since the timing of first cleavage is reported to have a long-lasting influence, it could potentially be used as a criterion for selection of embryos with high developmental potential. Therefore, the present study examined whether cumulus and fibroblast cell NT derived oocytes, which have a different potential to develop to normal calves [15, 16] , are different in terms of their patterns of timing of first cleavage and their relationships between timing of the first cleavage and their in vitro developmental potential.
Materials and Methods

In vitro maturation of oocytes
Immature oocytes were isolated from ovaries collected and transported to the laboratory in normal saline at 10 to 15 C within 24 h of the time of slaughter [17] . The cumulus-oocyte-complexes were matured in TCM 199 (Gibco, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS; Gibco) and human menopausal gonadotropin (0.1 IU/ml, Teikokuzoki, Tokyo, Japan) in a 5% CO 2 incubator at 39 C for 18 to 24 h. Cumulus cells were removed from the oocytes by repeated pipetting after brief exposure to hyaluronidase (30 IU/ml). Only oocytes that had extruded the first polar body were used as cytoplasts for NT.
Nuclear transfer
Donor cell lines were established and frozen, as described previously [15, 16] , for use in this experiment. Nine calves were cloned from cumulus cells from one female; six of these calves had normal phenotypes, and they survived to adulthood. Five calves were cloned from skin fibroblast cells from a single male; all of them died around parturition. However, the proportions of pregnant recipients (7/18 or 39% for cumulus cells vs. 8/18 or 44% for fibroblast cells) and cloned blastocysts that developed into calves (9/27 or 33% vs. 5/21 or 24%) did not differ between the two groups [15, 16] .
Before the frozen donor cells were used for NT, they were removed from liquid nitrogen, thawed rapidly, and passaged at regular intervals. Donor cells from passages 6 to 12 were used in this experiment. Cumulus or fibroblast cells were induced to the G0/G1 stage by contact inhibition in Dulbecco's Modified Eagle's Medium (Nikken Biomedical Laboratory, Tokyo, Japan) supplemented with 10% FBS for 5 to 7 days.
For NT, in vitro matured oocytes with a first polar body were treated with 0.5 µg /ml demecolcine (Wako, Japan) for 30 to 60 min to induce a membrane protrusion containing condensed maternal chromosomes [18] . The protrusion containing the maternal chromosomes and a first polar body was gently squeezed out through a cut made in the zona pellucida with a sharp needle. A single cumulus or fibroblast cell was introduced into the perivitelline space of the enucleated oocyte, electrically fused, and simultaneously activated by ] c o n t a i n i n g cycloheximide (10 µg/ml) for 5 h followed by cycloheximide-free medium untill day 3 (day 1= day of nuclear transfer). On the third day, embryos were moved into CR1-aa medium supplemented with 10% FBS and cultured till day 7 under 5% CO2, 5% O 2 , and 90% N 2 at 39 C. On the seventh day of culture, the early blastocysts and late morulae were moved into Dulbecco's Modified Eagle's Medium supplemented with 10% FBS and cultured untill day 9 [20] .
In vitro fertilization (IVF)
IVF was performed according to a method described previously [21] . Oocytes matured for 22 to 24 h were incubated with frozen-thawed spermatozoa that were pretreated with caffeine and heparin for 5 h. The IVF oocytes were then cultured for 9 days as described above.
Timing of the first cleavage
In vitro-cultured bovine oocytes were examined after NT or IVF at 2-h intervals, beginning 16 to 26 h post-activation or insemination. No cleavage was observed before 16 h. At each time point, all embryos with two or more distinct blastomeres were isolated and transferred into new culture medium and cultured separately for the duration of the experiment. All uncleaved presumptive zygotes at each time point were returned to the incubator and monitored at 2-h intervals for 26 h, at which time the uncleaved zygotes were retained as one group and re-examined for cleavage 48 h after activation or insemination. Oocytes that did not cleave within 48 h were classified as uncleaved oocytes. This experiment was repeated four times with both the NT and IVF oocytes.
Statistical analysis
The rates of cleavage and development into blastocysts among oocytes cleaved at different time intervals were analyzed using analysis of variance. A P value of less than 0.05 was considered to be statistically significant. The correlation between different variables was calculated using the SigmaStat 3.1 software (Systat Software, San Jose, CA, USA).
Results
The timing of cleavage and the developmental potential of the cumulus cell NT oocytes are shown in Fig. 1 . The proportion of NT oocytes that cleaved was 81% (151/186). Most cumulus cell NT oocytes cleaved between 18 and 24 h after activation (142/ 151, 87%), but the highest cleavage rate was observed 20 h after activation. The overall rate of development to blastocysts was 35% (66/186) on Day 9. While none of the embryos that cleaved beyond 24 h after activation developed into blastocysts, 63% (20/32), 48% (32/66), 38% (13/34), and 10% (1/10) of the oocytes that finished the first cleavage by 18, 20, 22, and 24 h after activation, respectively, developed into blastocysts. The proportion of oocytes that developed into blastocysts decreased with the increase in time required to complete first cleavage. There was a significant negative correlation (r=-0.94, P<0.05) between the time of the first cleavage and the blastocyst development rate, ranging from 63% in oocytes that cleaved by 18 h to 0 % in those cleaving more than 24 h after activation.
For NT of fibroblast cells, the proportion of oocytes that cleaved was 80% (265/331). Most NT oocytes cleaved between 18 and 24 h after activation (228/265, 86%), and the highest cleavage rate was observed 20 h after activation (Fig. 2) . The overall rate of development into blastocysts was 14% (45/331) on Day 9. In contrast to the cumulus cell NT oocytes, there was no correlation between the timing of first cleavage and the potential to develop into blastocysts. The proportions of oocytes that cleaved 20 and 22 h after activation, however, were significantly higher than those of oocytes that cleaved either earlier or later.
The total proportions of IVF oocytes that cleaved and developed into blastocysts were 87% (243/280) and 32% (89/280), respectively. Most IVF oocytes cleaved between 20 and 24 h after IVF (217/243, 89%). While 2 of 26 oocytes (7%) that cleaved more than 26 h after insemination developed into blastocysts, a significantly higher proportion of oocytes tha t cleaved b y 20 and 22 h a ft e r insemination developed into blastocysts (60% and 41%, Fig. 3 ), respectively. The proportion of oocytes that developed into blastocysts decreased remarkably with the increase in time required to complete first cleavage. There was a significant negative correlation (r=-0.89, P<0.05) between the timing of first cleavage and the potential to develop into blastocysts, ranging from 60% in oocytes that cleaved at 20 h to 7% in those that cleaved more than 24 h after insemination.
Discussion
First cleavage began at 18 h-post activation for both types of NT oocyte; however, cleavage began at 20 h post-insemination for the IVF oocytes. In all three groups, however, more than 86% of oocytes finished first cleavage by 24 h post-activation or post-insemination. These oocytes contributed to more than 98 % of the total number of blastocysts in all three groups. While there were no differences in the cleavage rates (81% vs 86%), development into blastocysts (35% vs 14%) differed significantly between the cumulus cell and fibroblast cell NT bovine oocytes. This difference seems paradoxical because no significant differences were found in the potential of the two types of NT oocytes to develop into blastocysts in vitro or in the cell numbers of the inner cell mass and the trophectod erm of blastocysts (25% vs 19%) in our previous report [22] . The reasons for the low potential of the fibroblast cell NT oocytes to develop into blastocysts are not clear. Although the low rate of development into blastocysts in the fibroblast cell NT group was inconsistent with the findings of a previous study [22] , the pattern of timing of the cleavage and the potential to develop into blastocysts was highly consistent in all four replications performed in the present study. Therefore, the low developmental potential of the fibroblast-derived NT oocytes in the present experiment apparently did not affect the pattern of the timing of first cleavage. The interesting finding of the present study is that although more than 60% of the cumulus NT oocytes cleaved at 18 h (first point of cleavage) post-activation and IVF oocytes that cleaved at 20 h (first point of cleavage) postinsemination developed into blastocysts, none of the fibroblast NT oocytes that cleaved at 18 h (first point of cleavage) developed into blastocysts. The trend in the timing of first cleavage was similar for both types of NT and IVF oocytes. In the cumulus cell NT and IVF groups, the potential of the oocytes to develop into blastocysts decreased gradually with the increase in the time required to complete first cleavage. In both groups, earlycleaving oocytes had greater developmental potential than late-cleaving oocytes. This finding is consistent with previous reports on the effect of timing of first cleavage of IVF oocytes on the potential to develop into blastocysts [9, 11] . In the fibroblast cell NT oocytes, however, intermediatecleaving oocytes (20-22 h after activation) had higher potential to develop into blastocysts than early-and late-cleaving oocytes. The relationship between the timing of first cleavage and the potential of oocytes to develop into blastocysts seems to be the same as for embryonic stem cell NT mouse oocytes [14] . The interaction between the timing of first cleavage and the potential to develop into blastocysts is the same for both fibroblast NT bovine oocytes and ES cell NT mouse oocytes, which have a high perinatal death rate for clones after transfer to recipients [15, 16, 23] . The difference in pattern compared with the respective IVF oocytes indicates that this observation might help in predicting whether the somatic cells are suitable for nuclear donor. There were differences in the development-related gene expressions of the cumulus and fibroblast cell nuclear-transferred blastocysts in our previous report [22] ; however, it is unclear whether the timing of first cleavage effects the gene expression patterns of NT blastocysts. The relationship between the timing of the cleavage and the developmental potential of oocytes, however, must be further examined using different donor cells with different potentials to develop into normal young.
Previously, it was demonstrated that although the timing of first cleavage has a major influence on the in vitro developmental potential of bovine in vitro-produced oocytes [9] , subsequent in vivo development is not clearly related to the time of first cleavage. The time points chosen in the previous report (27-48 h post-insemination), however, were different from those in the present study. While first cleavage was reported to occur only after 24 h post-insemination [9, 11] , 89% of the oocytes in the present study completed first cleavage by 24 h post-insemination. The difference in the timing pattern of first cleavage between the other studies and ours might be due to differences in sperm preparation procedures and in the medium used for IVF.
Although genetic factors (Ped gene) [3] , inherent oocyte quality [9] , sperm used for IVF [10, 24, 25] , embryonic sex [2, 24] , and culture conditions [4, 26] are all involved in controlling the developmental kinetics of embryos, the factor(s) that controls the timing of first cleavage remains largely unclear. A non-invasive method of selecting viable and n o r m a l e m b r y o s f o r e m b r y o t r a n s f e r o r cryopreservation would be invaluable to the animal h u s b a n d r y i n d u s t r y a n d h u m a n a s s i s t e d reproduction. Although the common practice of assessing the embryo quality of in vitro-produced embryos by morphology significantly influences pregnancy rates [27] , this practice appears to be ineffective for selection of NT embryos that produce viable offspring [28] . Studies of bovine IVF embryos and mouse NT embryos with embryonic stem cells indicate that the timing of first cleavage influences the probability of development to the blastocyst stage, but that subsequent in vivo development might be unrelated to the time of first cleavage [9, 14] . In the present study, we did not examine the potential of embryos to develop into calves; therefore, whether the timing of first cleavage can be used as an additional criterion for the selection of viable somatic cellcloned bovine embryos should be evaluated further. The results of the present study, however, clearly suggest that determining the timing of first cleavage would help in predicting which NT or IVF oocytes have the potential to develop into b l a s t o c y s t s i n v i t r o. T h es e f i n d i n g s h a v e implications for assisted reproduction in humans and in those species of animals in which embryos are usually transferred at early preimplantation stages such as the 2-to 6-cell stages. Furthermore, the differences in developmental potential among cloned oocytes cleaved at different intervals after activation might be of interest in studies of gene expression patterns for the selection of viable cloned embryos.
